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© Catalyst systems for olefin disproportionate and process using such systems. 

<S) Composition suitabte as caiaiyst system for the dispropcrticnation of olefins, containing molybdenum oxide 

S ^SK2,SS whS, compel can be obtain by comu g of at least a 8^^^ 

ag t« a sulphur containing compound and/or a phosphorous containing ' ° f S3LT?£ 

diwm oxido(s} cr a mriyfefenum oxide*) providing agent, to a honwgen «»» J * 

r-™« and division into ^al parkas, drying of (ha particle foiiowed by calcin^on at * ^ToxMeS 

<^ 98 of from 400 'C to aoO *C imputing », obtained parties «rih a 

tf> prodding agar* 3 nd optionally with a solution of a suiphur -ontammg compound Md <?^'' * r ^ 
Sp h o S p h oJ containing compound, drying of it* impmgnatad partcles <o«owed by crionabor ,* «f^re 
&l the rant* of from 400-800 * C. optionally to*«*d by an additional .mpregnatmo siep as ™^ 
mZL^ok m amounts of molybdenum, sulphur- an, pho.pt « J 

r» surh ?h3 , - ■ ™m is in the range often 5 to 13% bv ■■ • 31 coownt of 

« , '. , - „ - , lt x p * um toy *«qht and the linai content cf m p*»*««.» conta.ri.ng 
O compound is up to 10% by *eigM catenated on tha weight of the tola! final eomposilion. 
m Process for the preparation of the composition, and process for the disproportionate using the composition 
as catalyst 
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FIG.1 Comparison «f toproparUonatioa activity at Catalyst B with Catalyst 5 
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CATALYST SYSTEMS FO* OLEFIN DISPROPORTtONATlON AND PROCESS USING SUCH SYSTEMS 
damiM cataiysts for tt» ^^^JSImS me disproportion of olatins is 

as a caMyst system for » di S pw«io»*ion of oWte moryb» > 

- ssssssssss^ 

d dfviiS smail parlic^ drying of the particles Mowed by c^n-taj-Mj ^^>^ 
r-anoe of from 400 *C to SOO "C, impregnating the obtained parades w«i a solution of a motyW enum 
SZ^TZ^mmm^m^ Jf. a solution of a sulphur containing compound and opt:ona ; iy a 
« S n ^KfJSS. conSniog compound, drying of the impregnated particle flowed 

aff e^plaSm fths Lge of from 400-800 ' C. optionally flowed by an additional in.pregnat.ng step as 
S;S«fcr 6 . ti «no«* of molybdenum-, ***ur- ^f^^^^^ 
beincj selected such that the total final content of molybdenum * m me range of from 5 to 13% by #.ujtt. 

s; u con,, of : ■ S - - - rsjffS 

ss phosphorous ccntsinmg compound is up to 10% by weight, <.aictita.oo on w we y. 

C ° m « term "gamma alumina providing agent" * mm «y Parting mafcriaf *** can 

pred~«y provide the S amma-» phwi in an kwtt way at tempos of c***on and 

^fhfaSnf starting material for the catetyst system of the pMMift invention is preferably of the 
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5 the art. ..^^ . rt4 4hA ™ sser »t catalyst system, mixtures ot >udo- 

constant purity staring mate* w ^L^f^L ate commercially avaHabte Pural (Registered Trade 

» mi/g. . _ „„ mmf ,. a »o min3 are ai! measured by the nitrogen adsorption method 

porosimehyi taw tea «,wmin«l « * ^T™, ig mK> „, ^ motybctenum compound «wa, 

* r£ -csss awssi — - - — — w wtatoo to w 

process, due » ** <=°»°*>9 Pp»«Jf m , v M „ MC | for comullino v*h staling semAMMm- 

sss ssri r«rsr«i- «. — - ~ « - 

protOTbly in tta mjs 01 torn e-1» by m9a „, xm „ pjKspficous such at phospta* 

« With she term "phosphorous comainrog compouno is maum V. 

" oc,* svstMt of Uia present 

PhosphM. «loh mey suitably » «««« « " TuZmJuntifO^m. ammonium- 

%rr.™ m "C, "ssi, » — — — — — • • — 

The amount, of sulphate and/or phospnate sre "°<™ f! y » m l Srabty Tthe range of from 0.5- 
cafcufated on the weight of tf» total final catalyst compose a«d more prmerably .« the ge 
so S% by weight. „r«r.v«d bv methods, in principle known per se in 

The compositions of the prwert ^ h /lSX, Jwith'a^o^'^ organic 

me orl. Profarabiy ^composition ^'^ aV it^S mass, which is extruded to a 

solvent solutions ot re r.pac* e g< ^ Sained parlic. nr mpregfttted *«h 
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agaoKs) mav o* incorporated while in 3 second step the sulphur conning compound and/or parous 
"tS rS'S^r 55 ^Sdrying and — of * infant, - - — out 



in one sole 



qualTcbsd aS hollow extrude) as welt as In the form of other shapes £ tL ci? 

pheres, beads and wiil be depending upon the type of contact tec n.qua wh» J ^ '^Jj* th9 
The first calcination step after comuling and shaping is preferably earned cut at a temperature 

m Z plSnTra^ trt 1 to 30 hour* and more pmtotf* of from mo how, is J* 
cdcLK fta impregnated particles is preferably carried «* at temperatures between 450 

' C Sr trS carnation a period of at least one hour and preferably a period in the range of from 2 to tfl 

h °%TpoS diameters of the catefysts of the present invent, a, indicated Ihroughout the 

wr ^rpe=s:^~^ - — ^rrjcusss 

™™tav fread from moisture by heating at elevated temperature, is evacuated and subsequently filed 
Z^T^^Z f^J P^ure mercury is forced into the ^^^^ 
, it volume of mercury intruded into the pores by an applied intrum pressure * ^STS £ 
measured change of the level of mercury in the oapiiiary of the penetrometer and tte d^^ oHhe 
Ster/Tha pore dimeter is derived from the measured intrusion pressure, surface tens^ of mercury 
Snd Sact angie between mercury and the sample using the Washburn equate* for cvtadncei pores. 



Pore diameter • 



where * surface tension of mercury 

$ * contact angle between mercury and sample 

? - rsrs^sss; «« *> — * «»* to of ^ or ^ 

incremental, volume changes with decreasing pore diameter, 

* M VS^JSL at any value of applied pressure gives ,he volume of * pores having a 
diameter equal to or greater than the calculated diameter. 

{b} Taking 0 > M41 .30 deg„ and - 0.4805 Nm~ 1 . The Washburn equation becomes 
Pore diameter (d) * 

where, if we assume d is expressed in nm, the constant Kl takes the v&uea: 
1.471 x 10 s if Pis irtkPa 
1.451 x to* if Ptsinatm 
1.500 s 10* if P is in dg-'em* 

The maximal pressure P * 60.000 psi (pores down to 4 nm). 

The wafer pore volume of the catalysts as indicated throughout this specification, was determined 
according to the methods, described in principle in "introduce to character.^ and te^ng of 
cSys?, la. Anderson and K.C. Pratt, Academic Press Australia, 1335 and adapted m the foiiowng way 
As ihe water pore volume depends on the moisture content of the .ample, this has to be piously 
calcined. Thereto, the sample is heated in one hour to 500 * C and kept one hour at this temperature. 

Subsequently the sample is cooled down for one hour in an exsiccator, thereafter the acfcd 
• measurement is carried out as soon as posrtM. 26 g of the canned catalyst is weighed out to a pmoson 
of 1 mo and is transferred into a dry wide-mouthed lias* of 100 mi. Rem a burette an amount oi - 
added to the sample, corresponding with 30% of the expected pore volume and the flask a accurately 

^JTLts is agitated for 20 seconds and Is allowed to cool down, if necessary, by placing it on a 
' «ate.bath ot sratyra for 10 minutes. The flask is dried and is shaken for 5 soconas. 

0.2 ml portions of water are added stepwise. After every addition, the flask is shaker, vigorously .0 
aeped on a hard underground and Immediately thereafter fume » ■ 

the materia! is no tongw free Hewing but is Sticking to the flask wail in such a way, that She bottom remans 
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WQter oteiins, ocMaMng 6^0 carta* ^ms- faaJC h W i se or continuously u*irt 8 a fixed catty* bed or 

Th« disproportion may b* earned out m her batcftw se * C0[ldi{ioflS of 

a «ad «*« bad or any ^^^^^^^^^ upon 
mpmmM process e.g. temper ^"J^JJJ, XL* * ooU etc, Tht ptocm 
30 ihe specific cataiyst compear,, the partKuiar fecc * « « e Lender a pressure m *o TO of from 1 
e«W out in *• range of frcrn ,5 to »C and under a press 

,o » bara More pobnftty a temperature « Etapii* of the pmsui* for mo* 

to their proved ^bi^, ^ss «^ operation conditions. 

40 ^Ta «on b further «d by ih* ft*** examples, however, wHk* restock its .cope to 
these embodiments, 

preparation of MoOa/AbOs catajystt 
Exampie t 
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Thereafter the obtained mass was dried with an slower for 5 ti at a mammal L J 

Subsequently the mass was heated in an oven up to 120 C. was kept on tn,s temperature for 2 h and 

heated up to 725 'Cin2h.at which temperature it was kept for 1 hour. - nM M „ n 

The oblamed catalyst contained an amount of molybdenum corresponds w.Sh 12% by weight Mc0 5 . 

bssad on the weight of ttw final catalyst system (A), having a surface area of 310 m /g. 



Exampte 2 

in a Lancaster mix mulier were mixed together 1036 g of Ketjen HOS base f Registered Trade Mark) 
contalnto 2% by weight sulphate, ?S.Q g acetic acid (3%) and 3S.3 3 MoO, (Murex. Registered Trade 
13 52 2 ?J2?«d the mass warded during 45 minute,. The MM paste was eluded by 
mearis^f a Bolt cruder (Registered Trade Mark) with a 1.8 mm DeMn (Registered Trade Maft) moid 

haV X^tr°Sd mass *as dried at 120 ' C for two hours and calcined at 560 * C tor i houfll |_ 

100 a of the calcined product, containing as main ingredient gamma-alumina, 4% by weight moiyb 
denum (6.0% by weight of Mo0 3 ) and 1.9% by weight of senate (calculated ™ ^J^« «* «*f. ! 
caicinad composition) having a water pore volume of 0.71 mi/g, was dhed at 300 C for * tour* and 
Seated Sh a Ution derived from 35.04 g ammenia (25.5% by weight) 2004 g dnwn ed 
water, aoe g ammonium dimoiyfedate and addition of water up to a volume of 703 ml. After impregnation 
the mass is equilibrated for 1 hour. „# «, V -nd 

Thereafter the obtained mass was dried with an airbiower tor 5 now to a temperature of 63 C and 
-ubsequently placed in an oven and heated in an oven up to 120 C. The mass was kept at this 
; tempeSa fcr 2 hours and subsequently heated up to 725 ' C over two hours and kept at this temperature 

^"obtained cataiyst contained 12.0% by weight of Mo0 3 , based on the weight of 9» final catalyst 
system (B>, showing a surface area of 269 m*/g, a pore volume of 0.53 rWg. an average pore diameter of 
a.8 nm> 



in a Lancaster mix muifor were mixed together 529 g of Kaiser Versa) 250 (Registered Trade Mark). 539 
8 of Condea furai 36 (Registered Trade Mark), 2<t g acetic acid (3% by weight), 22.3 g <NH«kHPO*, 51. 1 
a M0O3 and 913 g water, whereby she obtained mass was kneaded during 0.55 hour tn total. 

The paste was extruded through a Deirin (Registered Trade Mark) diepiate, having 54 holes having a 
diameter of 1.8 mm. » 

The extruded mass was dried at » 20 * C for two hours and caicinad at 660 C for two hours. 

100 g of me so obtained product, consisting of gamma-alumina as main ingredient and conta.mng 4% 
by weight Mo (6% by weight MoOs) and 2% by weight phosphate, and having a water pore volume of 0.71 
mi/g was catcined at 450 * C for 1 hour and subsequently impregnated with a solution derived Srora 34.13 g 
ammonia (25.5% by weight), 20.06 g demoralized water and 804 g ammonium dimoiybtiete (56.4% Mo) 
and added water up to 71 ml. ... , 

Thereafter the obtained mass was nested in an oven in We same way as previously described m 

The Qbtaintfcatalyst contained 11.99% by weight Mo0 3 . based on the weight of final cataiyst system 
(C), showing a surface area of 257 m% a pore volume of 0.58 cm 3 /g, an average pore diamater ot 9.6 nm. 



In exactly the same way as described in sample 3, a cataiyst (F) wag prepared except that the final 
calcination temperature was 450 * C. 
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liSSSSSssswitas 

disproportionation activity and dimerization acttvrty. 

> ke - S — V 

Crf 1 -fraction C ? e«xv*re*6 



wherein k represents fta first <»dar disproportionate rate 
25 constant OW represents lite weight of trie oiofin at time period t 
and CW represents the weight of tits catalyst 
and 



x 100%, 



wherein Mo represents the number of olefin mcies in fesd 

compositions (D and S) have been summarized in the following table. 

TABLE 



£xp. 
Mo. 


Catslyst 


Metat oxide %w 
MoOs 


Anton %w 


Final Catcin. 
temp. C 


Oisprop.. Rate 
constant V 


Oimer make: 
% mo! % 


compiled 


irrtpregrt 


(CoO 


SO* 


PO* 


1 
Z 
3 
4 
S 

s 


A 
B 

C 
D 
S 


6 
S 

6 


ia 

12 
15 
6 


4 
4 


a 


a 


725 
725 
725 
? 

675 
453 


52 
55 
46 
30 
30 
41 


4.? 
4.4 
3,1 
5.2 
7 

4.2 


D * 

e * 

hydrc 


ndostrisaiy 
HI a$ prep 
Sommerei. 
gen). 


used disprc 
wed in Exar 
rily used dis 


portionation catalyst obtained by impregnation wth RtoOs and CoU oi a 
rsples 1 and 2, 

proportional catalyst as described in <SB U t7,88S {without molecular 
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Examp le 8 

In a continues experiment tor tasting me stability, the performance of catalyst 8 has been compart 
with that of catalyst 0. C 1 a is situ in an isomerisaiion reactor prior to both disproportionate 

reactors was used as feed. .„ . h 

' The test reactor was operated at art operational pressure of S»10 bar, a temperature or t^6 O «w v» 
WHSV ww in the 'ao^e of 2.2-3.5 fcg/feg/h. At regular intervals the WHSV was increased to 10-12 k$k$h to 
determine the activity of the catalysis so be tested, and thus its deactivation rate. The obtained results with 
ooth catalysts have been depicted in fig. 1. The disproportionate reaction is also here described, as *i 
Example 5, by a (pseudo) first order reaction, and the remits ana presented by the first order dsspropor- 
tionatson rate constant k. 



k - WHSV * In I j~ 3, where 



2 g whereto 

CI 2(0} represents C 1 2 concentration in the feed, 

Ct 2(f) represents C ?a concentration in the product at time * t. 

C12(s) represents C} 2 concentration to the product at equilibrium of the dispfop. reaction (i.e. at tow 
WHSV}. 



Claims 

1. Composition suitable as catalyst system tor the dispropotiionatton of olefins, containing molybdenum 
so oxide supported on alumina, which composition can be obtained by comuttlng of at toasi a gamma-aiumina 

providing agent with a sulphur containing compound andfer a phosphorous containing compound and 
optionally molybdenum oxides) or a molybdenum oxide(s> providing agent, to a homogeneous extrudabfe 
mass, extrusion of the mass and division into smali particles, drying of the particles followed by calcination 
at a temperature in the range of from 400 * C to 800 * C, impregnating the obtained parttotes with a solution 

35 of a molybdenum oxides) providing agant and optionally with a solution of a sulphur containing compound 
and optionally a solution of a phosphorous containing compound, drying of the impregnated particles 
followed by calcination at a temperature in the range of from 400-800 ' C, optionally followed by an 
additional impregnating step as mentioned hereinbefore, the amounts of molybdenum-, sulphur- and 
phosphcrcus containing compounds being selected such that the tola! finai content of molybdenum is in the 

40 range of from 5 to 13% by weight, (he finai content of sulphur containing compound is up to 10% by weight 
and the final content of toe phosphorous containing compound is up to t0% by weight, calculated on the 
weight of the total final composition. 

2. Composition according to claim t. characterized in that it has & surface ares of i 150 m 2 /g, a narrow 
pom size distribution, an average pern diameter in she range of from 6 Nm to 20 Mm and a water po?e 

*5 volume in the range of from 0.40 to 0.30 mi/g. 

3. Composition according to claim i or 2, characterized in that it is derived from alumina starting 
materia! of the pseudo-boehmite type, which may be representee! by ft© formula Ab0 3 ,xH 2 O, wherein x is 
to the rang© of 1.3 to 1.8. 

4. Composition according to any one of claims 1-3. characterized in that the molybdenum oxide(s) 
so content in toe final composition, expressed as molybdenum per se. is in the range of from 6-10% by 

weight. 

5. Composition according to any one of claims 1-4, charactered in that the amounfs of sulphur 
containing compound ancitor poosphomus containing compound are in the range of from 0.5-6% by weight. 

ted on She weight n nai composite 

55 8, Composition according tc any one of ciaims 1-5, characterized in that the final composition is in toe 
fo)m ii fro xe or hoilew extrudates. 
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7. Process lor the prepare of a exposition according to ctan 1 , d™*" Ur 
^mma-aluroina providing agent, is combed with a sulphur containing compound and/or P^^us 
SSngTompound J cpJonaily merybdenum o*ide< S > or a molybdenum ™«f>^ZTlll 
S?ieoi Ludaoio mass, Mowed by extrusion of the mass and <M>on «J ^.^''^ 
?5? parties, cation at a temper^ in the rang* of from 400 C to BOO «» 
coined partes with a Motion of a molybdenum o^(* providing «g«* and cp^iy a Kioto* of a 
Sonar containing compound and ophcnally a solution of a ptophorous oom.n.ng compound. d« o 
the imoregnafod parties and caption at a temperature « the rang* ^ from 400-800 C fa at tea 1 
hour, opSnaity fciiowed by an additional impregnating step as mentioned * 
Sbd'num- sulphur- and pnosphorcus-containing compounds being selected such that the totally 
«Im of molybdenum is in- m range of from 5-13% by weight the final content of sulphur uonta^ 
impound is up to 10% by we,ght and the final content of phosphorous ccntanmg compound is up to 10% 
bv weioht calculated on the weight of the total final composition. 

' Tprocet ac^rding to oafm 6, characterized in that as molybdenum compound ammonium dmdyb- 
date is used, dissolved in diluted ammonia, optionally mixed with nitrito mcMC «*d as Wlexmg ^nt 

9. Process according to claim 7 or 8, characterized in that as the pnosphorous containing compound 
ohosDhor oentoxide, ortho phosphoric acid or di(ammomum)hydrcphosphaie Is used. 
^^5ST2iSS te any one of claims 7-9, characterized in (hat a, sulphur compound ammontum 

, ^^rProcSs according to any me of claims 7-10, characterized in that She first calcination step after 
comuUing is carried cut at a temperature in the range of from 500-750 0. 

12. Process according to any one of claims 7-11. characterized in that the first calcination step arte. 
ccmuiSng is carried cut for a period in the range of from % to 10 hours. M)f , inat5ftfS th9 

13, Process according to my ow of claim$ 7-12, characterized »n ihat the <*%f^J» 
i impregnated partides is carried out at temperatures betwen 450 C and 750 C for a period In the range 

0i *5 Pr^acccrding to any one of claims. 7-13. charactered in that the <™^»J^£ 
use as catalyst in the disproporticnaUort of olefin by heating at a temperature in the range cf from 850-728 

9 ' ° ^PteSnTt? 2£55rto^ of olefins containing 6-80 carbon atoms characterised to that a 
composition according to any one of claims 1-6 is used as catalyst system. 
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